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The information summarized in this review
covers research nos in progress and new Cevelopments
Wm the field of nickel~bass and cobslt-base alloys
as disclosed in documents received by e Defense
Metals Information Center during the past & months.

Reseszch sponsored by NASA ¢t the TRW
Equipment Labcratories is directed toward the
develcpment of a superior f.ft nickel-base super-
alloy for turbine blading. The wmaximum strength-
ening effects produced by gamma-prime precipitation
(N13A1), solid solution of refractory and precious
metals, and the formation of stable carbides sre to
be combined in a2 single alloy. Target properties
desired include a 3,000-hr stress-rupture life at
1875 F and 1£,000-psi load.

Wnrk completed thus far covers an evaluaticn
of the effect of molybdenum, ‘tungsten, and tantalum
variations in three nickel-base superalloy systems
at different aluminum=-plus-titanium levels. Tanta-
lum was found to be more berneficial to high-
temperature stress-rupture properties tian were
molybdenum or tungsten. The best allnys developed
to date compare favorable with the best commercial
alloys. 3Statistical and metallographic studies of
the alloys suggest the following Lase crmpoc’tion
alloy for further study:
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In futurs werk, the aluminum content is to
be varied, o.d the effects of columbium, vanadium,
hafnium, rhenium, and ruthenium additlons are to
be evaluated.

ICKEL-BASE

Work is in progress at the Advenced Engine
and Technology Dapartment of Genarsl Electric
Company to develop a weldable nickel-bace sheet
alioy having a cirerjth/weight ratio cf 250,000
in., a yield strenqth of 1%0,000 psi, and a stress~
cupture life of 1,000 hr at 75,000--ps) stress,
both at 1400 F. ( I The material is for potentisl
spplication in fabricated aerospace vshicles and
propulsion systems.
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Three series of slloys have been evaluated.
These alloys are nickel-base stirengthened by
yamsa-prime precipitation and the solid sclution
of corventionsl alloying elemenis, or of rhenium and
rutherium. Yield strengths in excess of 18,000
psi at 1400 F were developed in some of the alloys
containing conventional solid-solution-strengthening
2lements, but the ductilitiec and rupture lives
were jow. The alloys containing rhenium and
ruthenium had low strength and ductility; no satis~
factory explanation fcr this behavior was found.
A fourth seriec of alloys is to be prepared to
explore the aluminum, titznium, and columbium
ranges. Molybdenum and t.ngs‘cn contents axe to
be varied, and the effests of carbon, boron, and
cobalt investicsated.

WHOUGHT NICKEL-BASE SUPERA 'OY FUR I

"nive.sal-Cyciops Steel Corpcration is
working on the development of sn ultra-high-stiength
nickel-base superalloy for wrought turbineﬁnhetl
applications that use refractory-metal blades. 3)
Target properties at 1600 F include 150,000-psi
tenzile sirength and 100~hr stress-rupture life at
70,000 psi. Adequate oxidation resistance and room-
tenperature ductility are also required. These
target properties repr2eent a significani increase
over the properties of the best current superalloys.

Several groups of experimental alloys that
combine sol’d-scluticn strengthening with strength-~
ening produced by the precipitation of stable inter-
metallic cempounus or carbides have been investigated.
The combination of tencile and stress-rupture proper-
tiec of s.me osr these alloys is better than similar
properties of wrought commercial superalloys. Ex-
truded experimental alloys having tensile strengths
o7 110,00V psi at 1600 F have also been produced.

The desion, fabrication. and testing of additional
alloys is in progress.

DISPERSION-ST
ALICYS

CKEL- AND OCOBALT-BASE

Sylvaria i¢ inves’'iga* ng .ue use of stable,
well-dispersed refractory particles, in place of
sclukle precinitetes, as an effective mechanism for
strengthening and extending the operating tempera-

're of nickel- and cobalt-k-se alloys above 2200 F. \4)
Such alloys are produced by powder metallurg . The

techrique of selectively redﬁg irj_,aat?u mixed
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oxides prepared by atomizing and drying a solution
of the components was found to be more successful
than the tschnique of coating dispersoid particles
with the matrix alloy by vapor deposition. Hot
pressing, hydrogen sintering, and powder rolling
were evaluated for the consolidation of Ni-1%Mo,
Ni-20Cr, cobalt, and Co-1%Mo powders ccntaining
thoria. It was possible to control the thoria
particle sizs during consolidation, and densities
above 90 percent were produced. The exact condi-
tions for successful rolling of the Ki-15Mo~4ThO»
powder into shuet were determined. This shee®
material had tensile streangths up to 150,000 psi
&t room temperature, 62,000 psi at 1400 F, and
21,000 psi at 1800 F. At higher temperatures the
strength fell to that of TD Nickel, but optimum
properties were probably not obtained in the pre-
sent work. Future work will include the refinement
of the powder processing, consolidation, and work-
ing. The complets physical and mechanical proper-
ties of the best alloys sre to be determined.

RISPERSION-STRENGIHENED QOBALT-BASE ALLOYS

The effect of ultrafine thoria dispersions
on the properties cf cobpli-base £lloys is being
investigated at Du Pont.\5) Co-ThDp, Co-30Ni-ThO,,
and Co-10Fe-~ThO7 alloys have been studied, and
pre.iminary work is in progress on Co~Cr-ThOy and
Co-Ni-Cx~Th02 compositions. Thoria contents range
from 0.5 to 4.0 volume percent.

Powders produced by a coprecipitation pro-
cess are compacted, and sintered to produce billets
that are extruded and swaged into bars. The working
temperatures are varied with the compositions.
Thoria-particle growth during processing is negli-
gible and the particle size ranges from 8 to 14
millimicrons.

The dispersicn-strengthened cobalt-~base alloys
211 show excellent high~temperature strength and
ductility. For example, the Co-30Ni-2ThO,~0.12r
alloy after working 94 percent has a tensile
strength of 28,700 psi, a yield strength of 26,600
psi, and 6 percent elongation at 2000 F. The
stress-rupture life is 19 hr for a 20,000 psi stress
at this temperature.

The addition of a fine thoria dispersion to
cobalt was found to increase both the sluggishness
and the hysteresis of the allotropic transformation
at 785 F of the hexagonal-close-packed structure
to the face-centered cubic structure.

The additicn of 20 to 22 perceant chromium
improves the oxidation resistance of the alloys to
a marked extent. Both the Co-20Cr-2ThO, and the
Co-20N1~22Cr~2ThO alloys show a weight loss of less
than 1 mg/cm? after 100 hours of cyc!!~ exposure
o temperatures of 2000 and 2200 E.

Curther work is to be directed toward a
better understanding of the Co~Cr-ii), and Co-Ni-
Cr-ThO, systems.

STUDY. OF DISSERSION-STRENTHENED ALLOYS PRODUCED
B SLI® TEGIUQUEL

Nuclenr Matals has worked for some time on
dispersion-strengthened uranium and other alloys

in which the precipitate particles formad by
“gplattercooling® the 1iauid alloy.‘ ihe name
SLIS appiiod ‘. euch alloys implies that the pre-
cipitate is solubla in the liomid state Lut in
soluble in the solid state.

The following procedure 1s used for pro-
paring SLIS alleys. An alioy meited in sn inert
gas or vacuum ig “"cross-jet splattercooled" by
pouring into a high-velocity gas streaw. This
stomizes the metsl and impinges it against a ro-
tating ccpper disk for rapid cooling. The fine
pariicles are then consolidated by powder-metsllursy
techniques to produce solid alloys.

The spplicatizn of the SLTS technique to
nickel-base alloys is to be investigated. Pre-
liminary research centered about a study of the
solid solubility and thermal stability of several
nickel compourds.

NEW CASTING TECHNIQUE FOR SUPERALLOYS

Previous lmprovements ir the creep resistance
of cast-superalloy gas-turbine components have been
madc at the expense of ductility, thermal-shock
resistance, and oxidation resistance.

Pratt and Whitney has perfected a precision
casting technique, based on directional solidifi-
cation, wh}ch overcomes the above-mentiored diffi-
culties.{7) This technique produces columrnar
grains paraliel to the major axis of the casting,
thus eliminating transverse grain boundaries.

Accelerated endurance tests made in experi-
mental gas turbines show that uncoated Mar M-200
alioy blades cast by the directional solidification
technique outlast coated blades of the same alloy
cast in the conventional manner. Laboratory tests
also show the directionally solidified castings to
have superior strength and ductility at both room
and elevated temperatures.

In continuing research, Pratt and Whitney
has invented a proce(eg for making single-crystal
jet-engine castings. ) Material produced by this
new casting process is judged to be four times as
durable as conventionally cast material and to have
exceptional shocn resistance. The material is to
be tested in engines in the near fuiure.

According to Pratt and Whitney, the new
casting process will not halt production of castings
made by the directional solidification process.

At present, vanes made by the directional solidifi-
cation process have tccumulated 26,000 hours of
flight testing.

Figure 1, from left to right, shows the
equiaxed grain structure of a conventionally cast
turbine blade, the columnar structure of a direction-
ally solidified turbine blade, and the structure of
the newly developed single-crystal blede. The
absence of grain boundaries in the latter blade will
be noted.
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